Strains of Bifidobacterium animalis subsp. lactis are extensively exploited by the food industry as health-promoting bacteria, although the genetic variability of members belonging to this taxon has so far not received much scientific attention. In this article, we describe the complete genetic makeup of the B. animalis subsp. lactis Bl12 genome and discuss the genetic relatedness of this strain with other sequenced strains belonging to this taxon. Moreover, a detailed comparative genomic analysis of B. animalis subsp. lactis genomes was performed, which revealed a closely related and isogenic nature of all currently available B. animalis subsp. lactis strains, thus strongly suggesting a closed pan-genome structure of this bacterial group.
B
ifidobacteria are intensively exploited by the food industry due to the presumed health beneficial effects they exert on the human host (1) (2) (3) (4) (5) . However, the molecular mechanisms underlying these proclaimed health-promoting activities are still largely unknown. Recently, significant efforts have been made to decode and analyze bifidobacterial genome sequences, which is part of a novel discipline called probiogenomics, aimed at the discovery of genetic determinants responsible for the adaptation of these microorganisms to the gastrointestinal tract of their host (6) (7) (8) (9) (10) (11) . In the context of probiogenomics attempts involving bifidobacterial strains, members of the Bifidobacterium animalis subsp. lactis taxon are worth mentioning, as they have been the target of several genome sequencing projects which have resulted in the complete genomic decoding of nine B. animalis subsp. lactis strains (12) (13) (14) (15) (16) (17) (18) . The availability of such a large set of genome sequences of strains belonging to the same species allows the identification of the pangenome structure of this taxon, as well as the determination of the extent of genetic variability occurring among members of this species. So far, several attempts have been carried out to delineate the evolutionary development of B. animalis subsp. lactis, as well as the genetic relatedness with other bifidobacterial species (14, (19) (20) (21) . However, these studies drew their conclusions from a limited set of genomic information, as opposed to the much larger data set of B. animalis subsp. lactis genomes that is currently available. Here, we describe the sequence analysis of the B. animalis subsp. lactis Bl12 genome. Furthermore, we analyzed all complete and publicly available genome sequences of B. animalis subsp. lactis strains and highlight the strictly monomorphic nature as well as the closed pan-genomic structure of this taxon.
MATERIALS AND METHODS
Bacterial strains and growth conditions. The bacterial strains used in this study and their origins are listed in Table S1 in the supplemental material. All Bifidobacterium strains were cultivated in an anaerobic atmosphere (2.99% H 2 , 17.01% CO 2 , and 80% N 2 ) in a chamber (Concept 400; Ruskin) on de Man-Rogosa-Sharpe (MRS) medium (Scharlau Chemie, Barcelona, Spain) supplemented with 0.05% (wt/vol) L-cysteine hydrochloride and incubated at 37°C. Cell growth on semisynthetic MRS medium supplemented with 1% (wt/vol) of a particular sugar was monitored by optical density at 600 nm using a plate reader (Biotek, VT). The plate reader was run in discontinuous mode, with absorbance readings performed at 60-min intervals and preceded by 30 s of shaking at medium speed. Cultures were grown in biologically independent triplicates, and the resulting growth data were expressed as the mean of these replicates. Carbohydrates were purchased from Sigma (Milan, Italy) and Carbosynth (Berkshire, United Kingdom).
Susceptibility to tetracycline. Susceptibility to antibiotics, in terms of MIC to tetracycline (Sigma-Aldrich), was determined using the broth microdilution method. MIC, considered the lowest biocide concentration that prevents detectable growth of a particular bacterium, was determined using the standardized bifidobacterium susceptibility test medium (LSMCys) broth formulation as indicated in ISO 10932:2010 for antibiotic sensitivity assessment of bifidobacteria (22) , which is expected to ensure adequate growth of the test organism (Bifidobacterium longum ATCC 15707). LSM-Cys consists of a mixture of Iso-Sensitest broth medium (Oxoid) (90%) and MRS broth medium (10%) added with 0.3 g of L-cysteine per liter of LSM, adjusted to pH 6.7. MIC testing was performed in a 5-ml final volume. Each strain included in this study was inoculated in triplicate for each antibiotic concentration tested at a final inoculum density of 10 5 bacteria/ml, starting from cultures incubated for 48 h under anaerobic conditions. The bacterial cell concentration of the overnight culture was determined microscopically by use of an improved Neubauer counting chamber (Marienfeld GmbH, Lauda-Königshofen, Germany). Cultures were incubated at 37°C under anaerobic conditions for 48 h. After incubation, culture cell density was measured spectrophotometrically (optical density [OD] at 600 nm).
Genome sequencing and bioinformatics analyses. The genome sequence of Bl12 was determined by GenProbio srl using the Ion Torrent Personal Genome Machine (Life Technologies, Germany). A genomic library was generated using 1 g of genomic DNA and an Ion Xpress Plus fragment library kit and employing the Ion Shear chemistry according to the user guide. After dilution to 2.66 ϫ 10 7 molecules/l, 4.5 ϫ 10 8 molecules were used as the templates for clonal amplification on Ion Sphere particles during the emulsion PCR according to the Ion Xpress Template 200 kit manual. The quality of the amplification was estimated, and the sample was loaded onto an Ion 316 chip and subsequently sequenced using 125 sequencing cycles according to the Ion Sequencing 200 kit user guide. This number of sequencing cycles resulted in an average reading length of approximately 200 nucleotides. The MIRA program (version 3.4.0) was used for de novo assembly of the Bl12 genome sequence (23) . The generated sequencing output consisted of 600 Mb of DNA sequences, corresponding to about 300ϫ coverage of the Bl12 genome. Quality improvement of the genome sequence involved sequencing of more than 50 PCR products across the entire genome to ensure correct assembly, double stranding, and the resolution of any remaining base conflicts.
Sequence annotation. The genomes analyzed consisted of nine complete and publicly available B. animalis subsp. lactis genome sequences plus the B. animalis subsp. lactis Bl12 genome, which was sequenced as part of this study and is described in Table 1 . In order to ensure the identical sequence quality standards for all investigated genomes, the publicly available nucleotide sequences corresponding to these genomes were reanalyzed using common software and parameters (see below). Overall DNA similarity analyses between the B. animalis subsp. lactis genomes were carried out using BLASTN (24) and Artemis (25) .
Protein-encoding open reading frames (ORFs) were predicted using a combination of Prodigal (26) and BLASTX (24) for comparative analysis. Results of the gene-finder program were combined manually with data from BLASTP (27) analysis against a nonredundant protein database provided by the National Center for Biotechnology Information. The combined results were inspected by Artemis (25) , which was used for a manual editing effort to verify and, if necessary, to redefine the start of each predicted coding region or to remove or add coding regions.
Assignment Additional bioinformatic analyses included tRNA gene identification using tRNAscan-SE (28) and rRNA gene detection using RNAmmer (http://www.cbs.dtu.dk/services/RNAmmer/), followed by manual annotation on the basis of BLASTN searches.
Insertion sequence (IS) families were assigned using ISFinder (http: //www-is.biotoul.fr/is.html), restriction/modification (R/M) systems were searched on the basis of the REBASE database (29) , transporter classification was performed according to the Transporter Classification Database scheme (30) (36) , and Bifidobacterium adolescentis ATCC 15703 (NCBI source) was searched for orthologues against the total proteome, where orthology between two proteins was defined as the best bidirectional FASTA hits (37) . Identification of orthologues, paralogues, and unique genes was performed following a preliminary step consisting of the comparison of each protein against all other proteins using BLAST analysis (27) (cutoff: E value of 1 ϫ 10 Ϫ4 and 30% identity over at least 80% of both protein sequences), and then all proteins were clustered into protein families using MCL (graph theory-based Markov clustering algorithm) (38) . Following this, the unique protein families for each of the 17 bifidobacterial genomes were classified. Protein families shared between all genomes, named core gene families, were defined by selecting the families that contained at least one single protein member for each genome.
Each set of orthologous proteins was aligned using CLUSTAL_W (39), and phylogenetic trees were constructed using the maximum-likelihood in PhyML (40) . The supertree was built using FigTree (http://tree.bio.ed .ac.uk/software/figtree/).
Whole-genome alignments, single nucleotide polymorphism (SNP) or indel detection, and in silico optical map reconstruction. Wholegenome sequence alignments for similarity and dot plot analysis were performed at DNA level using LAST (http://last.cbrc.jp/), while Mauve (41) was used for whole-genome sequence alignments for SNPs and indel identification and manual editing of genome sequences. Clusters based on the heat maps of SNPs and indels were constructed using TIGR MultiExperiment Viewer (TMeV) software (42) . For each B. animalis subsp. lactis genome, nucleotide sequences corresponding to 20-bp regions spanning the verified SNPs listed by Barrangou et al. (14) were used to build a supertree according to the procedure described above. An in silico optical A, RNA processing and modification; B, chromatin structure and dynamics; C, energy production and conversion; D, cell cycle control and mitosis; E, amino acid metabolism and transport; F, nucleotide metabolism and transport; G, carbohydrate metabolism and transport; H, coenzyme metabolism; I, lipid metabolism; J, translation; K, transcription; L, replication and repair; M, cell wall/membrane/envelope biogenesis; N, cell motility; O, posttranslational modification, protein turnover, and chaperone functions; P, inorganic ion transport and metabolism; Q, secondary structure; T, signal transduction; U, intracellular trafficking and secretion; Y, nuclear structure; V, defense mechanisms; Z, cytoskeleton; R, general functional prediction only; S, function unknown.
map was constructed by in silico digestion with NotI and visualized through Geneious software (43) . Pan-genome. For all 10 B. animalis subsp. lactis genomes used in this study, a pan-genome calculation was performed using the PGAP pipeline (44) ; the ORF content of each genome was organized in functional gene clusters using the gene family (GF) method. A pan-genome profile was built using all possible BLAST combinations for each genome being sequentially added. Finally, the PGAP pipeline (44) performed also a power law regression in order to extrapolate the best function fitting, according to the Heaps law pan-genome model (45) .
PCR validation of the indels. After identification of putative indels between the 10 genomes analyzed, primers were designed to amplify regions spanning indels from all these genomes. PCR amplicons were purified using a Qiaquick kit (Qiagen) and then submitted to DNA sequencing (Macrogen, South Korea).
Nucleotide sequence accession numbers. The sequence reported in this article has been deposited in the GenBank database under accession number CP004053.
RESULTS AND DISCUSSION
Identification of B. animalis subsp. lactis Bl12 strain. Seventysix strains belonging to B. animalis subsp. lactis originally identified from different ecological niches, including fecal as well as colonoscopic samples (see Table S1 in the supplemental material), were investigated for their resistance to tetracycline using the MIC assay. It has previously been established that the B. animalis subsp. lactis genomes sequenced so far encompass a putative conjugative transposon carrying a tet(W) gene (46) (47) (48) , as well as a miaA gene (see below), which confers a high level (32 g/ml) of tetracycline resistance. Thus, we decided to analyze this metabolic feature in order to characterize all 76 B. animalis subsp. lactis strains and to reveal possible genetic differences existing within this bifidobacterial taxon (see Table  S1 ). Notably, only two B. animalis subsp. lactis strains, named 646 and Bl12, were shown to display MICs of 24 g/ml and 16 g/ml, respectively, which are significantly lower than those identified for several commercially exploited B. animalis subsp. lactis strains (e.g., BB12 and BLC1 strains possess a MIC of 32 g/ml). Furthermore, the growth profile of these two B. animalis subsp. lactis strains on different carbohydrates was evaluated and compared to those known for other B. animalis subsp. lactis strains. As displayed in Table S2 in the supplemental material, no evident differences, except for fucose, were noticed in carbohydrate utilization profiles between these strains, suggestive of a high level of conservation of the genetic arsenal of carbohydrate-degrading enzymes and sugar transporters in the B. animalis subsp. lactis taxon.
To further assess the genetic variability of the B. animalis subsp. lactis taxon, we decided to sequence the genome of strain Bl12 based on its deviating MIC for tetracycline.
General genome features of B. animalis subsp. lactis Bl12 strain. The chromosome of B. animalis subsp. lactis Bl12 was fully decoded using the Ion Torrent Personal Genome Machine, and the achieved reads were assembled using MIRA (see Materials and Methods). The determined genome sequence consists of 1,938,605 bp, with a GϩC content of 60.5%, which is (nearly) identical to that of other sequenced B. animalis subsp. lactis genomes (Table 1) . Furthermore, the genome sequence of B. animalis subsp. lactis Bl12 encompasses a collection of tRNA and rRNA genes which is highly similar to that identified in other B. animalis subsp. lactis chromosomes ( Table 1) .
Analysis of clusters of orthologous groups (COGs) of the Bl12 predicted proteome allowed a functional assignment for 78.9% of the total number of predicted ORFs. Interestingly, about 9.53% and 7.89% of the genes identified in the B. animalis subsp. lactis Bl12 genome encode proteins that are predicted to be involved in amino acid and carbohydrate transport and metabolism, respectively (Fig. 1) . Such an extensive genetic adaptation to amino acid and carbohydrate metabolism is similar to that identified in the genomes of other intestinal bifidobacteria (32) (33) (34) (35) 49 ) and thus appears to represent a key genetic adaptation of members of the genus Bifidobacterium.
Homologues from other bacterial species with known function were identified for 83% of the B. animalis subsp. lactis Bl12 ORFs, while the remaining 17% do not possess a predicted function.
Genetics of the tetracycline susceptibility of B. animalis subsp. lactis Bl12. All strains of B. animalis subsp. lactis described so far display a medium level of resistance to the antibiotic tetracycline. Even though the genetic locus responsible for this tetracycline resistance is not fully characterized in B. animalis subsp. lactis, it is likely to be linked to the presence of the tet(W) gene in their genomes (46, 47) . The tet(W) gene encodes an alternative elongation factor that belongs to the GTP-binding elongation factor family, also referred to as the Tet(M)/Tet(O) subfamily, which protects ribosomes from the translation inhibition of tetracycline (50) . However, alignment of the relevant DNA sequences of the tet(W) gene in all of the available B. animalis subsp. lactis genomes, including that of the B. animalis subsp. lactis 646 strain, revealed that these are identical to that of the homologue present in the genome of Bl12 (data not shown). In contrast, we identified a genetic difference in the DNA sequence of the miaA gene (Bl12_1042). The miaA gene product has been reported to affect the efficiency of Tet(W) and ultimately the susceptibility to tetracycline (51) . The nucleotide alignment of the DNA spanning the miaA loci of the nine currently available B. animalis subsp. lactis strains, including B. animalis subsp. lactis 646, displayed identical sequences, while the miaA gene sequence of B. animalis subsp. lactis Bl12 showed a single nucleotide polymorphism (SNP), consisting of a thymine instead of a guanosine, located at nucleotide position 1154 in the gene sequence (Fig. 2) . The identified SNP was further validated experimentally by PCR followed by direct DNA sequencing of the obtained amplicon. This causes a nonsynonymous mutation (from a glutamine residue to a lysine residue) in the Mia protein sequence of Bl12 strain at position 52 (Fig. 2) . This finding may thus explain the higher level of sensitivity of the Bl12 strain to tetracycline than that of other tested B. animalis subsp. lactis strains (see above).
Phylogenomic analyses of B. animalis subsp. lactis. The availability of whole-genome sequences allows a more robust reconstruction of the phylogeny occurring within a particular bacterial taxon (52) (53) (54) (55) (Fig. 3) . This orthologue collection represents the most updated, at the time of this writing, of core genome sequences of the genus Bifidobacterium. A concatenated protein sequence that includes the product of each of these core genes, as described above, was used to build a Bifidobacterium supertree (Fig. 3) . This phylogenomic analysis produced a highly reliable evolutionary positioning of B. animalis subsp. lactis within the genus Bifidobacterium, by placing all strains of B. animalis subsp. lactis on the same cluster of B. animalis subsp. animalis (Fig. 3) . Remarkably, all investigated B. animalis subsp. lactis strains were placed on the same branch of the tree, indicating the absence of substantial amino acid sequence differences between the individual core proteins of these strains.
Comparative analyses of B. animalis subsp. lactis genomes. The nine publicly available B. animalis subsp. lactis genomes and B. animalis subsp. lactis Bl12 were analyzed so as to identify shared orthologues. In silico analyses show that 1,518 ORFs are shared between these strains, while 3 ORFs appear to be present only in strains BB12, V9, AD011, and CNCM I-2494. PCR attempts targeting these ORFs did not provide any experimental evidence for their existence, thus suggesting that they represent assembly and/or annotation mistakes of these genomic sequences (Fig. 3) .
The genomic structure of B. animalis subsp. lactis is highly syntenic between the 10 strains investigated here, with a nucleotide identity (using B. animalis subsp. lactis strain Bl12 as a reference) of more than 99.82%, as obtained from a LAST alignment (Table 1) . Dot plot comparison involving the investigated B. animalis subsp. lactis genomes revealed a perfect alignment of their chromosomes with the exception of alignments involving B. animalis subsp. lactis AD011 (Fig. 4) , which may have been caused by sequencing and/or assembly mistakes. No major disruption of gene conservation between the 10 B. animalis subsp. lactis genome sequences was identified (Fig. 4) . In contrast, dot plot analyses involving B. animalis subsp. animalis ATCC 25527 displayed less colinearity and highlighted differences, including small rearrangements and insertions or deletions (Fig. 4) . The genome sequences of the 10 B. animalis subsp. lactis strains were further employed to reconstruct theoretical NotI restriction profiles. The generated optical maps were shown to be highly similar for the investigated strain set, thereby substantiating the notion of a high degree of genome conservation in terms of size, organization, and sequence (Fig. 5 ).
To further explore the level of similarity among the different B. animalis subsp. lactis genomes, we performed a comparative genome analysis using Mauve software, which highlighted a very similar genome sequence for all strains analyzed, with the exception of seven regions where differences were observed (named indel 1 to indel 7). These include the four previously identified B. animalis subsp. lactis insertion/deletion sites (indels), named indel 1 to indel 4 (14) , and possibly three additional indels (indel 5 to indel 7) encompassing DNA regions ranging from 22 to 5,422 bp (Table 2 ). However, PCR efforts together with direct DNA sequencing of the resulting amplicons obtained using PCR primers spanning these seven indel sequences revealed no differences between the analyzed strains except for indel 3 (Table 2) , which encompasses the CRISPR locus (see below), and further support the high isogenic nature of the B. animalis subsp. lactis taxon. These findings therefore suggest that indel 1, indel 2, and indel 4 to indel 7 are a consequence of sequencing or assembly mistakes.
SNP analyses of the B. animalis subsp. lactis genomes. SNP analysis has recently been developed to compare the genomes of B. animalis subsp. lactis Bl-04 and B. animalis subsp. lactis DSM10140 (14) , resulting in the identification of 47 validated SNPs upon comparison of these two complete genome sequences. These 47 validated SNPs may represent a valid reference database for analyzing the genomic variability or polymorphism within the B. animalis subsp. lactis taxon. Thus, we analyzed all genome sequences of B. animalis subsp. lactis strains and B. animalis subsp. animalis ATCC 25527 for the presence or absence of these SNPs. Furthermore, we decided to infer the phylogeny among these strains by analyzing the phylogenetic tree based on a 20-bp sequence region that surrounds each of these SNPs (Fig. 6 ). This analysis highlighted an evolutionary development of B. animalis subsp. lactis consisting of four phylogenetic clusters encompassing DSM10140 (group 1); CNCM I-2494 (group 2); strains Bl12, BLC1, BB12, V9, AD011, and B420 (group 3); and strains Bl-04 and Bi-07 (group 4). Furthermore, optical mapping was used to analyze the genome layout of Bl12 as well as of other publicly available B. animalis subsp. lactis strains, such as the BLC1, BB12, CNCM I-2494, AD011, and DSM10140 strains. The resulting optical maps of Bl12, BLC1, and DSM10140 showed very similar patterns, thus suggesting a high degree of genome conservation in terms of size, organization, and sequence within these strains (Fig. 5 ). In contrast, optical mapping of strains BB12, AD011, and CNCM I-2494 resulted in different restriction profiles compared to those obtained for strains Bl12, DSM10140, and BLC1. Notably, the discrepancies noticed in the optical maps of BB12 and CNCM I-2494 compared to those of strains Bl12, BLC1, and DSM10140 were not confirmed by the DNA sequences of the amplicons spanning the five presumed DNA regions of differences (named 1 to 5) as outlined in the in silico optical map (Fig. 5) . Such findings corroborate the apparent quality issues of some of the DNA genome sequences retrieved from public databases, including those of the BB12 strain, which is one of the most intensely commercially exploited bifidobacterial strains.
Evaluation of B. animalis subsp. lactis intraspecific variable genome regions. In order to investigate the genetic variability occurring between B. animalis subsp. lactis strains, we focused our analyses on those genomic regions that are considered to be highly variable in bifidobacterial chromosomes, representing the socalled mobilome of bifidobacterial genomes (55) . These include, for example, (remnants of) prophages, putative pilus biosynthesis genes, genes encoding restriction/modification (R/M) systems, and exopolysaccharide (EPS) biosynthesis gene clusters (55) . Some of the regions that specify extracellular structures (e.g., pili or exopolysaccharides) are believed to be involved in the interaction with the host, which may be a strong selective driver for specialization in this specific ecological niche (for a review, see reference 56). In addition, genetic diversity is observed for bifidobacterial genes encoding R/M systems, which protect bacterial cells against acquisition of alien DNA such as bacteriophages (36, 57) . Thus, the genome sequences of strains Bl12, BLC1, AD011, BB12, DSM10140, Bi-07, B420, Bl-04, CNCM I-2494, and V9 were analyzed for the presence of these putative mobile or diversity elements. Notably, alignments between homologous regions displayed a high level of identity, ranging from 99% to 100% (see Fig. S1 in the supplemental material). Other DNA sequences considered to represent key components of the bifidobacterial mobilome are transposase-encoding genes (55) . The dissection of Bl12 and all publicly available genome sequences of B. animalis subsp. lactis for transposases revealed an identical data set. Another genetic locus, which is known to be highly variable at the intraspecies level in bifidobacteria, is encompassed by the cluster of regularly interspersed short palindromic repeats (CRISPR) loci (55) , which includes DNA repeats and the cas genes (CRISPRassociated genes) (58) . CRISPR loci represent the most widely distributed family of repeats among prokaryotic genomes (59, 60) , acting as a defense system against the invasion of foreign genetic material, in particular phages (58, 61) . As previously described for B. animalis subsp. lactis Bl-04 and B. animalis subsp. lactis DSM10140 (14) , CRISPR loci represent genetic regions of the B. animalis subsp. lactis genome where polymorphisms have been identified. Interestingly, a genetic survey of all 10 B. animalis subsp. lactis genome sequences revealed the presence of a 36-bp CRISPR repeat, 5=-ATCTCCGAAGTCTCGGCTTCGGAGCTTC ATTGAGGG-3=. Furthermore, the CRISPR locus of the Bl12 genome was shown to encompass 19 repeats instead of the previously identified 20 copies of this repeat (as present in the genomes of strains DSM10140, BB12, V9, B420, V9, CNCM I-2494, and BLC1 [13, 14] ) or 23 copies (as present in the genomes of strains Bl-04 and Bi-07 [14, 18] ).
The B. animalis subsp. lactis pan-genome. In order to evaluate the total gene repertoire of the B. animalis subsp. lactis taxon, i.e., the B. animalis subsp. lactis pan-genome, we used a previously described methodology (45) , which calculates both the overall number of genes discovered and the expected number of new genes contributed by each additional genomic sequence, using the same permutation scheme as employed in the analysis of core genes. The total number of different genes identified when all 10 genomes are compared is 1,518 (Fig. 7) . The pan-genome size, when plotted on a log-log scale versus the number of genomes, shows a clear asymptotic behavior, and a data regression analysis, based on the Heaps law pan-genome model (45) , found a robust fit for ␣ ϭ 3.37 Ϯ 0.014, in accordance with a closed pan-genome state, which clearly supports the idea that B. animalis subsp. lactis has a closed pan-genome.
The number of new genes discovered by sequential addition of genome sequences of B. animalis subsp. lactis is shown in Fig. 7 . Notably, the number of specific genes added to the pan-genome dramatically decreases after the addition of the third strain. This Recently, the analysis of publicly available genomes from bifidobacterial species, including Bifidobacterium longum subsp. longum, Bifidobacterium longum subsp. infantis, Bifidobacterium breve, Bifidobacterium adolescentis, Bifidobacterium dentium, Bifidobacterium bifidum, and B. animalis subsp. lactis, showed that such bifidobacterial genomes display an open pan-genome structure (55) . Mathematical extrapolation of the data indicates that the genome reservoir available to the bifidobacterial pan-genome consists of more than 5,000 genes (55) . The pan-genomic struc- ture of microbial genomes is also influenced by the ecological niche where bacteria reside. An open pan-genome is commonly found for those species that colonize multiple habitats and possess diverse ways of exchanging genetic material. Microorganisms such as streptococci, meningococci, Helicobacter pylori, Salmonella species, and Escherichia coli possess these features and display an open-pangenomic structure (62) . In contrast, it is known that bacterial species residing in restricted environments and lacking mechanisms of gene exchange may have evolved with considerably less genome variation. Bacteria such as Buchnera aphidicola or Bacillus anthracis possess a closed pan-genome, where no or very limited chromosome rearrangements or gene acquisitions have occurred during the course of evolution (63) . A closer look at the structures of the genetic trees of open pan-genomic taxa and closed pan-genomic species (e.g., Buchnera aphidicola or Bacillus anthracis) indicates that the latter species resemble a clone organization rather than being a true independent species. Thus, the identification of a closed pan-genomic structure of B. animalis subsp. lactis might provide further genetic evidence of the clonal origin of this taxon.
In addition, the closed pan-genomic structure of B. animalis subsp. lactis subspecies might be a consequence of the worldwide distribution of this taxon as a health-promoting bacterium and to its limited ability to colonize and persist within the human host. This might reduce the possibility that alien DNA is acquired by members of the B. animalis subsp. lactis taxon.
Conclusions. In this report, we describe the complete genome sequence of the recently identified B. animalis subsp. lactis Bl12 strain and its use in establishing the genetic variability among known members of the B. animalis subsp. lactis taxon. Bl12 represents the first strain of B. animalis subsp. lactis possessing a clear human ecological origin (being isolated from a human colonoscopic sample) and a phenotype (higher susceptibility to tetracycline) which is different from that displayed by other characterized strains of this species. This strain was isolated from a healthy individual that had not consumed probiotic products. In silico analyses of the Bl12 strain revealed limited genetic diversity which is restricted to SNPs, one of which corresponds to miaA and which may be responsible for the reduced tetracycline resistance compared to those of other tested B. animalis subsp. lactis strains. Overall, the very high genome sequence similarity observed within members of B. animalis subsp. lactis as well as the close evolutionary distances of this investigated strain collection revealed a high degree of genome conservation in terms of size, organization, and sequence. This lack of polymorphism is indicative of a genomically monomorphic subspecies and an isogenic nature of all B. animalis subsp. lactis strains. These findings are also supported by the closed pan-genome structure of the B. animalis subsp. lactis taxon, which clearly suggests that no novel genes will be discovered by further genomic attempts. This result probably reflects the fact that B. animalis subsp. lactis is a highly clonal, recently evolved taxon from the B. animalis species. Alternatively, the sequenced strains may belong to the same evolutionary clade and may not adequately represent the diversity that exists within strains belonging to B. animalis subsp. lactis.
The low level of genetic variability displayed by this taxon of bacterium as revealed in this study has important implications in terms of the use of various B. animalis subsp. lactis strains as health-promoting bacteria. The apparent lack of major genomic differences among the 10 analyzed B. animalis subsp. lactis strains suggests that these strains exert similar, if not identical, healthpromoting activities. Furthermore, this study revealed the exis-
